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GAS TURBINE ENGINE ARCHITECTURE an outer annular combustor , an inner annular combustor 
WITH NESTED CONCENTRIC COMBUSTOR radially inboard of the outer annular combustor , and a high 

pressure turbine inlet variable vane array downstream of the 
This application is a divisional application of U.S. patent inner annular combustor . 

application Ser . No. 14 / 775,230 filed Sep. 11 , 2015 , which 5 A further embodiment of any of the foregoing embodi 
is a national phase application of PCT Patent Application ments of the present disclosure includes an outer variable 
No. PCT / US2014 / 028087 filed Mar. 14 , 2014 , which claims turbine vane array downstream of the outer annular com 
priority to U.S. Provisional Patent Application No. 61/782 , bustor , and an inner variable turbine vane array downstream 
996 filed Mar. 14 , 2013 , which are hereby incorporated of the inner annular combustor . 
herein by reference in their entireties . In a further embodiment of any of the foregoing embodi 

ments of the present disclosure , the high pressure turbine BACKGROUND inlet variable vane array is upstream of the inner variable 
turbine vane array . The present disclosure relates to gas turbine engine archi In a further embodiment of any of the foregoing embodi tecture , and more particularly to a variable cycle architec- 15 ments of the present disclosure includes an intermediate ture . 

Variable cycle gas turbine engines power aircraft over a turbine rotor downstream of the outer variable turbine vane 
range of operating conditions yet achieve countervailing array and the inner variable turbine vane array . 
objectives such as high specific thrust and low fuel con A further embodiment of any of the foregoing embodi 
sumption . The variable cycle gas turbine engine essentially 20 ments of the present disclosure , the outer variable turbine 
alters a bypass ratio during flight to match requirements . vane array is radially outboard of the inner variable turbine 
This facilitates efficient performance over a broad range of vane array . 
altitudes and flight conditions to generate high thrust for In a further embodiment of any of the foregoing embodi 
high - energy maneuvers yet optimize fuel efficiency for ments of the present disclosure , the outer variable turbine 
cruise and loiter operational modes . 25 vane array and the inner variable turbine vane array are 

The countervailing objectives that enable a variable cycle radially inline and separated by a downstream annular 
requires an architecture that avoids overly high temperatures extension of a split compressor diffuser that contains the 
upstream of the combustor section ( T3 ) at takeoff yet also outer annular combustor and the inner annular combustor . 
provides a high overall pressure ratio ( OPR ) at high altitude A method of operating a gas turbine engine according to 
cruise . another disclosed non - limiting embodiment of the present 

disclosure includes scheduling fuel flow to an outer annular SUMMARY combustor and an inner annular combustor , scheduling a 
A gas turbine engine according to one disclosed non position of an outer variable turbine vane array downstream 

limiting embodiment of the present disclosure includes an 35 of the outer annular combustor and controlling a position of 
inner annular combustor radially inboard of an outer annular an inner variable turbine vane array downstream of the inner 
combustor . An outer variable turbine vane array is down annular combustor , and scheduling a position of a high 
stream of the outer annular combustor and an inner variable pressure turbine inlet variable vane array downstream of the 
turbine vane array is downstream of the inner annular inner annular combustor . 
combustor . A further embodiment of any of the foregoing embodi 

In a further embodiment of the present disclosure , the ments of the present disclosure includes closing the outer 
outer annular combustor and the inner annular combustor variable turbine vane array for takeoff operation mode . 
are within a common split compressor diffuser . A further embodiment of any of the foregoing embodi 
A further embodiment of any of the foregoing embodi- ments of the present disclosure includes opening the high 

ments of the present disclosure includes a high pressure 45 pressure turbine inlet variable vane array . 
turbine inlet variable vane array downstream of the inner A further embodiment of any of the foregoing embodi 
annular combustor . ments of the present disclosure includes providing relatively 

In a further embodiment of any of the foregoing embodi- more fuel flow into the outer annular combustor relative to 
ments of the present disclosure , the high pressure turbine the fuel flow into the inner annular combustor for takeoff 
inlet variable vane array is upstream of the inner variable 50 operation mode . 
turbine vane array . A further embodiment of any of the foregoing embodi 
A further embodiment of any of the foregoing embodi- ments of the present disclosure includes nominally position 

ments of the present disclosure includes an intermediate ing the outer variable turbine vane array for cruise operation 
turbine rotor downstream of the outer variable turbine vane mode . 
array and the inner variable turbine vane array . A further embodiment of any of the foregoing embodi 

In a further embodiment of any of the foregoing embodi- ments of the present disclosure includes closing the high 
ments of the present disclosure , the outer variable turbine pressure turbine inlet variable vane array . 
vane array is radially outboard of the inner variable turbine A further embodiment of any of the foregoing embodi 
vane array . ments of the present disclosure includes providing relatively 

In a further embodiment of any of the foregoing embodi- 60 less fuel flow into the outer annular combustor relative to the 
ments of the present disclosure , the outer variable turbine fuel flow into the inner annular combustor for cruise opera 
vane array and the inner variable turbine vane array are tion mode . 
radially inline and separated by a downstream annular The foregoing features and elements may be combined in 
extension of a split compressor diffuser that contains the various combinations without exclusivity , unless expressly 
outer annular combustor and the inner annular combustor . 65 indicated otherwise . These features and elements as well as 
A gas turbine engine according to another disclosed the operation thereof will become more apparent in light of 

non - limiting embodiment of the present disclosure includes the following description and the accompanying drawings . It 

40 

55 
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should be understood , however , the following description the disclosed non - limiting embodiment , the airflow control 
and drawings are intended to be exemplary in nature and mechanism 38 may throttle the airflow into the third stream 
non - limiting . airflow path 56 down to a minimal but non - zero airflow . 

The second stage fan section 26 communicates airflow 
BRIEF DESCRIPTION OF THE DRAWINGS 5 into the second stream airflow path 58 and the core primary 

airflow path 60. The second stage fan section 26 is generally 
Various features will become apparent to those skilled in radially inboard and downstream of the airflow control 

the art from the following detailed description of the dis- mechanism 38 such that all airflow from the second stage fan 
closed non - limiting embodiment . The drawings that accom section 26 is communicated into the second stream airflow pany the detailed description can be briefly described as path 58 and the core primary airflow path 60. The fan section follows : 
FIG . 1 is a schematic view of an exemplary variable cycle 22 may alternatively or additionally include other architec 

tures that , for example , include additional or fewer stages gas turbine engine with a nested combustor section ; each with or without various combinations of variable or FIG . 2 is an expanded schematic view of a three - spool fixed guide vanes . architecture variable cycle gas turbine engine of FIG . 1 15 
according to one non - limiting embodiment ; The core primary airflow is compressed by the first stage 
FIG . 3 is an expanded schematic view of a two - spool fan section 24 , the second stage fan section 26 , the high 

architecture variable cycle gas turbine engine of FIG . 1 pressure compressor section 28 , mixed and burned with fuel 
according to another non - limiting embodiment ; and in the nested combustor section 30 , then expanded over the 
FIG . 4 is a tabulation of example operational mode 20 high pressure turbine section 32 , the intermediate pressure 

schedules for the variable cycle gas turbine engine of FIG . turbine section 33 and the low pressure turbine section 34 . 
1 . The turbines sections 34 , 33 , 32 rotationally drive the 

respective low spool 44 , intermediate spool 45 and high 
DETAILED DESCRIPTION spool 46 in response to the expansion . Each of the turbine 

25 sections 32 , 33 , 34 may alternatively or additionally include 
FIG . 1 schematically illustrates a gas turbine engine 20 . other architectures that , for example , include additional or 

The gas turbine engine 20 is disclosed herein as a variable fewer stages each with or without various combinations of 
cycle three - spool bypass turbofan that generally includes : a variable or fixed guide vanes . 
fan section 22 with a first stage fan section 24 and a second The third stream airflow path 56 is generally annular in 
stage fan section 26 ; a high pressure compressor section 28 ; 30 cross - section and defined by the outer case structure 50 and 
a nested combustor section 30 ; a high pressure turbine the intermediate case structure 52. The second stream air 
section 32 ; an intermediate pressure turbine section 33 ; a flow path 58 is also generally annular in cross - section and 
low pressure turbine section 34 ; an augmentor section 36 ; an defined by the intermediate case structure 52 and the inner 
exhaust duct section 40 ; and a nozzle section 42. Additional case structure 54. The core primary airflow path 60 is 
sections , systems and features such as a geared architecture 35 generally circular in cross - section and defined by the inner 
that may be located in various engine sections , for example , case structure 54. The second stream airflow path 58 is 
forward of the second stage fan section 26 or aft of the low defined radially inward of the third stream airflow path 56 
pressure turbine section 34. Additional sections , systems and and the core primary airflow path 60 is radially inward of the 
features such as a low pressure compressor , may be located second stream airflow path 58. Various crossover and cross 
aft of the second stage fan section 26 and forward of the high 40 communication airflow paths may be alternatively or addi 
pressure compressor section 28. The sections are defined tionally provided . 
along a central longitudinal engine axis A. The nozzle section 42 may include a third stream exhaust 

The engine 20 generally includes a low spool 44 , an nozzle 62 ( illustrated schematically ) which receives airflow 
intermediate spool 45 and a high spool 46 that rotate about from the third stream airflow path 56 and a mixed airflow 
the engine central longitudinal axis A relative to an engine 45 exhaust nozzle 64 ( illustrated schematically ) which receives 
case structure 48. Other architectures , such as three - spool a mixed airflow from the second stream airflow path 58 and 
architectures , will also benefit herefrom ( FIG . 3 ) . the core primary airflow path 60. It should be understood 

The engine case structure 48 generally includes an outer that various fixed , variable , convergent / divergent , two - di 
case structure 50 , an intermediate case structure 52 and an mensional and three - dimensional nozzle systems may be 
inner case structure 54. It should be understood that various 50 utilized herewith . 
structures individual or collectively may define the case With reference to FIG . 2 , the nested combustor section 30 
structures 48 to essentially define an exoskeleton that sup- includes a common split compressor diffuser 70 with an 
ports the spools 44 , 45 , 46 for rotation therein . outer annular combustor 72 and an inner annular combustor 

The first stage fan section 24 communicates airflow 74. The split compressor diffuser 70 directs compressed 
through an airflow control mechanism 38 into a third stream 55 airflow from the high pressure compressor section 28 to the 
airflow path 56 as well as into a second stream airflow path outer annular combustor 72 and the inner annular combustor 
58 and a core primary airflow path 60 that is in communi- 74 in a generally equal distribution . The outer annular 
cation with the augmentor section 36. The airflow control combustor 72 and the inner annular combustor 74 are also of 
mechanism 38 may include various structures such as elec- generally equivalent volume . 
trical , pneumatic or mechanical operated blocker doors , 60 The outer annular combustor 72 discharges to an outer 
variable vanes and others that operate as a throttle point to fixed turbine vane array 76 of , in one disclosed non - limiting 
define a variable area throat . The airflow control mechanism embodiment , the intermediate pressure turbine section 33 
38 is selectively operable to control airflow through the third thence to an outer variable turbine vane array 78 of a nested 
stream airflow path 56 such that a selective percentage of turbine variable vane array 80. The outer variable turbine 
airflow from the first stage fan section 24 is divided between 65 vane array 78 is upstream of an intermediate turbine rotor 82 
the third stream airflow path 56 as well as both the second or alternatively , in a two spool two - spool architecture , a first 
stream airflow path 58 and core primary airflow path 60. In stage of the low pressure turbine section 34 ( FIG . 3 ) . 
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The inner annular combustor 74 discharges to an inner In contrast to the takeoff operation mode , for a cruise 
fixed turbine vane array 83 , thence to a high pressure turbine operation mode , the outer variable turbine vane array 78 and 
inlet variable vane array 84 , thence to a high pressure turbine the inner variable turbine vane array 90 are in a nominal 
rotor 86 of the high pressure turbine section 32. It should be position while the high pressure turbine inlet variable vane 
appreciated that various electrical , mechanical and / or pneu- 5 array 84 are in a closed position . The fuel flows into the 
matic actuators may be utilized to change the rotation outer annular combustor 72 is relatively low and the fuel position of the high pressure turbine inlet variable vane array flow into the inner annular combustor 74 is relatively high . 84 to selectively throttle the combustion gas flow with , for The architecture thereby maximizes engine thrust and example a sync ring or other structure . avoids a relatively high overall pressure ratio ( OPR ) and A high pressure turbine exit guide vane array 88 is 10 overly high temperatures aft of the high pressure compressor downstream of the high pressure turbine rotor 86 , and section 28 ( T3 ) in takeoff operation mode by burning upstream of an inner variable turbine vane array 90 of the 
nested turbine variable vane array 80. The high pressure minimal fuel in the inner annular combustor 74 . 

The architecture facilitates control of the temperature aft turbine exit guide vane array 88 may include variable or 
fixed guide vanes . The inner variable turbine vane array 90 15 of the high pressure compressor section 28 referred to herein 
is upstream of the intermediate turbine rotor 82 or alterna as T3 . As further perspective , TO is the ambient temperature 
tively , the first stage of the low pressure turbine section 34 of the atmosphere ; T1 is a temperature in front of the fan 
( FIG . 3 ) . section 22 ; T2 is a temperature at the blade leading edge of 
The outer variable turbine vane array 78 and the inner the second stage fan section 26 ; T2.5 is the temperature aft 

variable turbine vane array 90 are radially inline and sepa- 20 of the second stage fan section 26 ; and T3 is the temperature 
rated by a downstream annular extension 92 of the split aft of the high pressure compressor 28. T4 is the temperature 
compressor diffuser 70. That is , the outer variable turbine in the nested combustor section 30 ; T4.1 is the temperature 
vane array 78 and the inner variable turbine vane array 90 at the blade leading edge of the HPT rotor 86 ; and T4.3 is 
may be located along a common actuation axis for the nested the temperature at the blade leading edge of the intermediate 
turbine variable vane array 80. It should be appreciated that 25 pressure turbine rotor 82. T4.5 is the temperature between 
various electrical , mechanical and / or pneumatic actuators the high pressure turbine section 32 and either the interme 
may be utilized to separately change the rotation position of diate pressure turbine section 33 or low pressure turbine 
the outer variable turbine vane array 78 and the inner section 34 ; and T5 is the temperature aft of the low pressure 
variable turbine vane array 90 to selectively throttle the turbine section 34 ( FIG . 1 ) . 
combustion gas flow with , for example a sync ring or other 30 The architecture also facilitates the cruise operation mode structure . by burning fuel optimally in the inner annular combustor 74 The respective separate outer combustion gas stream 
( illustrated schematically by arrow CO ) from the outer to provide high energy airflow to both the high pressure 
annular combustor 72 and the inner combustion gas stream turbine section 32 and the intermediate pressure turbine 
( illustrated schematically by arrow CI ) from the inner annu- 35 section 33 to drive the high pressure compressor section 28 
lar combustor 74 drive the intermediate turbine rotor 82 . and the second stage fan section 26 , respectively , to a high 
That is , the intermediate turbine rotor 82 radially spans the overall pressure ratio ( OPR ) . 
outer variable turbine vane array 78 and the inner variable The use of the terms “ a ” and “ an ” and “ the ” and similar 
turbine vane array 90. Downstream of the downstream references in the context of description ( especially in the 
annular extension 92 the merged combustion gas streams 40 context of the following claims ) are to be construed to cover 
continue over a low pressure turbine vane array 94 and low both the singular and the plural , unless otherwise indicated 
pressure turbine rotor 96 of the low pressure turbine section herein or specifically contradicted by context . The modifier 
34 . “ about ” used in connection with a quantity is inclusive of the 

With reference to FIG . 4 , total and static pressure match- stated value and has the meaning dictated by the context 
ing is achievable via scheduling of the fuel flows in the outer 45 ( e.g. , it includes the degree of error associated with mea 
annular combustor 72 and the inner annular combustor 74 , surement of the particular quantity ) . All ranges disclosed 
and via scheduling of the variable vanes , e.g. , the high herein are inclusive of the endpoints , and the endpoints are 
pressure turbine inlet variable vane array 84 , the outer independently combinable with each other . It should be 
variable turbine vane array 78 and the inner variable turbine appreciated that relative positional terms such as “ forward , ” 
vane array 90. The high pressure turbine inlet variable vane 50 “ aft , ” “ upper , ” “ lower , ” “ above , " “ below , " and the like are 
array 84 controls the back pressure velocity differential to with reference to the normal operational attitude of the 
the high pressure turbine rotor 86 of the high pressure vehicle and should not be considered otherwise limiting . 
turbine section 32. The outer variable turbine vane array 78 Although the different non - limiting embodiments have 
and the inner variable turbine array 90 control the back specific illustrated components , the embodiments of this 
pressure velocity differential to the intermediate pressure 55 invention are not limited to those particular combinations . It 
turbine rotor 82 of the intermediate pressure turbine section is possible to use some of the components or features from 
33 or the low pressure turbine section of a two spool engine . any of the non - limiting embodiments in combination with 

For a takeoff operation mode , the outer variable turbine features or components from any of the other non - limiting 
vane array 78 are in a closed position and the inner variable embodiments . 
turbine vane array 90 are in a nominal position while the 60 It should be appreciated that like reference numerals 
high pressure turbine inlet variable vane array 84 are in an identify corresponding or similar elements throughout the 
open position . The fuel flow into the outer annular combus- several drawings . It should also be appreciated that although 
tor 72 is relatively high and the fuel flow into the inner a particular component arrangement is disclosed in the 
annular combustor 74 is relatively low . The relatively lower illustrated embodiment , other arrangements will benefit 
temperature at the inner diameter of the intermediate turbine 65 herefrom . 
rotor 82 during the takeoff operational modes also facilitates Although particular step sequences are shown , described , 
reduced wear and increased durability . and claimed , it should be understood that steps may be 
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performed in any order , separated or combined unless oth- an inner variable turbine vane array downstream of said 
erwise indicated and will still benefit from the present inner annular combustor ; 
disclosure . wherein said outer variable turbine vane array and said 

The foregoing description is exemplary rather than inner variable turbine vane array are radially inline and 
defined by the limitations within . Various non - limiting 5 separated by a downstream annular extension of a split 
embodiments are disclosed herein , however , one of ordinary compressor diffuser that contains said outer annular 
skill in the art would recognize that various modifications combustor and said inner annular combustor . 
and variations in light of the above teachings will fall within 8. The gas turbine engine of claim 7 , wherein said outer the scope of the appended claims . It is therefore to be annular combustor and said inner annular combustor are appreciated that within the scope of the appended claims , the 10 within a common split compressor diffuser . disclosure may be practiced other than as specifically 9. The gas turbine engine of claim 7 , further comprising described . For that reason the appended claims should be 
studied to determine true scope and content . a high pressure turbine inlet variable vane array downstream 

of said inner annular combustor . What is claimed is : 10. The gas turbine engine of claim 9 , wherein said high 1. A gas turbine engine , comprising : 
an outer annular combustor ; pressure turbine inlet variable vane array is upstream of said 

inner variable turbine vane array . an inner annular combustor radially inboard of said outer 
annular combustor ; 11. The gas turbine engine of claim 7 , further comprising 

an intermediate turbine rotor downstream of said outer an outer variable turbine vane array downstream of said variable turbine vane array and said inner variable turbine outer annular combustor ; vane array . an inner variable turbine vane array downstream of said 
inner annular combustor ; and 12. The gas turbine engine of claim 7 , wherein said outer 

an intermediate turbine rotor downstream of said outer variable turbine vane array is radially outboard of said inner 
variable turbine vane array . variable turbine vane array and said inner variable 

turbine vane array . 13. A gas turbine engine , comprising : 
an outer annular combustor ; 2. The gas turbine engine of claim 1 , wherein said outer an inner annular combustor radially inboard of said outer annular combustor and said inner annular combustor are annular combustor ; within a common split compressor diffuser . 

3. The gas turbine engine of claim 1 , further comprising a high pressure turbine inlet variable vane array down 
a high pressure turbine inlet variable vane array downstream 30 stream of said inner annular combustor ; 

an outer variable turbine vane array downstream of said of said inner annular combustor . outer annular combustor ; 4. The gas turbine engine of claim 3 , wherein said high 
pressure turbine inlet variable vane array is upstream of said an inner variable turbine vane array downstream of said 
inner variable turbine vane array . inner annular combustor , said high pressure turbine 

inlet variable vane array upstream of said inner variable 5. The gas turbine engine of claim 1 , wherein said outer 35 turbine vane array ; and variable turbine vane array is radially outboard of said inner 
variable turbine vane array . an intermediate turbine rotor downstream of said outer 

variable turbine vane array and said inner variable 6. The gas turbine engine of claim 1 , wherein said outer turbine vane array . variable turbine vane array and said inner variable turbine 14. The gas turbine engine of claim 13 , wherein said outer vane array are radially inline and separated by a downstream 40 
annular extension of a split compressor diffuser that contains variable turbine vane array is radially outboard of said inner 

variable turbine vane array . said outer annular combustor and said inner annular com 15. The gas turbine engine of claim 13 , wherein said outer bustor . 
7. A gas turbine engine , comprising : variable turbine vane array and said inner variable turbine 

vane array are radially inline and separated by a downstream an outer annular combustor ; 
an inner annular combustor radially inboard of said outer annular extension of a split compressor diffuser that contains 

said outer annular combustor and said inner annular com annular combustor ; bustor . an outer variable turbine vane array downstream of said 
outer annular combustor ; and 

25 

45 


